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' AUTHOR: Subach, \.P. 


' TITLE: An experimental investigation of the effect of 
structural damping on the region of instability of 
oscillatory systems having motors which are limited in 
power : 


SOURCE: Akademiya nauk Latviyskoy SSR. Institut avtomatiki i 
mekhaniki. Voprosy dinamiki i prochnosti. no.9. 1962. 
53-62 


TEXT i This paper is a continuation of previous work (A.P.Subach 
Sb. "Voirosy dinamiki i prochnosti", no.8. Tzd-vo AN Latv.SSR, 1962). 
The main feature of the experimental equipment is a 100 watt 
electric motor attached to one end of a cantilever T-beam so that 
oscillations were produced in the horizontal plane. The beam was 
fixed to a solid base. The length from the supports to the centre. 
of the shaft of the motor was 90 cm. The method of providing 
structural damping, together with relevant measurements, is given. 
The main object was to obtain resonance curves of stationary 
oscillations for various compressive forces on the beam and 

varying steepness of the motor characteristics. Data were obtained 
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TITLE p-Silicon Photoelectric Transformers of Solar Energy: 
PERIODICAL ¥arn, techn. fis, 26, fasc.10, 2396-2397 (1956) 
Issued: 11 / 1956 
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American authors produced photoelements from n-Si-monocrystals by br 
pen transitions in these crystals by means of diffusion from the gaseous phase of 
boron. In a similar manner the authors also attempted to produce the photoelement 
on the basis of p-silicon. This is of practical importance, because p-Si is less 
expensive and more easily obtainable than electron silicon: Sb served as an ad- 


and diffusion was from the gaseous phase. 
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Photoelectric Converters (Cont. ) 
PURPOSE: This pooklet 1s addressed to engineers and technicians in 
the field of semiconductor electronics. 


COVERAGE: This booklet 15 the 9th of the series on semiconductors. 
4es is given at the erd 


“A list of 16 titles constituting the ser 
translation of these titles see Phase 


of each booklet. (For a 

I Book Exploitation, No. 674.) The author briefly mentions tne 

early applications of solar energy and then describes 
4nclude conversion of solar energy into 


contemporary uses. These 
heat and mechanical energy, photosynthesis, and t 


energy for obtaining electricity. The author enume 
methods of such conversion: a) thermoelectric; b) photogalvanic, 


and c) photoelectric. The present pooklet describes photoelectric 
conversion. No personalities are me There are 43 references, 
of which 24 are Soviet (including 3 translations)» 18 English, and 


1 German. 


TABLE OF CONTENTS : 


Introduction 
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3. Photoelectric converters of solar energy made from 
other semiconductors 
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Semiconductor in Science (Cont. ) sov. 1503 


aa 15. Ilisavskly, Yu.V. Avalanche Transistors he) 
The author discusses the effects of a strong electric field in 
semiconductor erystals. He then analyzes the behavior of p-n 
junctions 4n germanium and silicon with a large reverse pias and 
explains the dependence of investigated phenomena on temperature 
tion structure. The 
gates processes occurring in the collector junc- 
4stors. In the last chapter he presents a 
he triode and asummarizes the existing 
1 processes occurring in these devices 
frequency oscillations. He 
f avalanche tran- 


sistor application. In conelusion, he compares these transistore 
s of this types and suggests that since they do 
disadvantages characteristic of other de- 
{stances avalanche transistors may in 
the future replace thyratrons. There are 46 references, of which 


23 are Soviet and 23 English. 
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Ch. 16. Subashiyev, v.K., and M.S. Sominskiy. 
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, ve achievements made in the anveatigation and ap~ 
The Seton of the photoelectric effect and refer to development 
py the following Soviet scientists: photoelectric mul tip? ae 

L.A. Kubetskiy, p.V. Timofeyev, S.A. kiy and N. . acts 

nikov; photon coun by, 8.8. ov and E Peet otoc 

aki one e } aVWe 

By rece Deerodelle py Yu.P. Masplakovets and B.T. Kolomiyets 5 nee 

sulfate photocells py V.K, Bernatskly and D.S. i haar ace ae 

{um photodiodes py S.M. Ryvkin and VM. Tfushkevich. e ar : 

f the photoelectric e pased on quantum 

d describes various eth paeee 

ent. At the end o e au 
their erin the USSR, and the USA. Pie 

references; of which 28 are Soviet, 16 English, 3 German, &n 


French. 


Ye.A., and L.S. Stil'bans. Thermoelectric ae 


ry of the thermoelectric effect 
tb). In the USSR thermoelectric re 
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s0V¥-120-58-1-30/42 


’ AUTHOR: subashiyevs, Vs,Ke 
RITLE: A Cirevit for Rapid Measurement of the Volt-Amp Character 
(Skhnema dlya pystrogo snyatiya 


astic of a Valve Photocell 
kh wharakteristik yentil'nog° fotoelenenta) 


perimenta, 1958, Nr i: 


AL: Pribory 4 mekhnika Bks 

Dp 125-126 (USSR) 

ABSTRACT: The circuit can be used to obtain quickly an oscillogram 
of a photocell charac eristic and then using pointer in- 
struments to obtain more accurately any part of the charac~ 
teristic. The circuit 1s sh j i and consists of two 

arts: oscillographic par ) and jnstrumental 
(on the right). i r consists of 4 step 
Tpl an autotransformer ‘Tp » 2 
, an oscillograph: 

ch gives the axes simultaneously with the 

vyolt-amp characteristic on the screen of the oscillograph» 

The horizontal deflection ° i proportional to the 

i gs the photocell anda the vertical 
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A Circuit for Rapic Measurement of the Volt-Amp Characteristic of 
a Valve Photocell, 
pointer instruments and DC power suovlies which can ve used 
to obtain the static characteristic in the neighbourhood of 
any given point chosen on the oscillogram, There are 4 
figures, no references. 


ASSOCIATION: Institut poluprovodnikov AN SSSR (Institute for 
Semi-Conductors, Acadeny of Sciences of the USSR) 


SUBMITTD: July 19, 1957. 


1. Photoelectric cells--Electrical properties 2. Photoelectric cells 
~-Testing equipment 3. Electrical equipment-~Ciroutts 
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porovikovd, RP. [translator]; DUBROVSKIY, G.B [translator]; OKHOTIN, 4.5. 
{translator]; PEDYASH, 2.M. [translator]; MASLAKOVETS, Yu.eP., profes 
doktor fiz.-mat.nauk, red.; SUBASHIYEY, Y.X,, kand.fiz.-mat.nauk, 
rede; VISKOVA, H.V., red,; SMIRNOVA, H.I., tekhn.red. 


(Semiconductor transformers of radiant energy] Poluprovodnikovys 
preobrazovateli energii izluchenii; gvornik statei. Moskva, 


Igd-vo inostrelit-ry, 1959. hO? pe (MIRA 12:4) 
(Semiconductors) (Photoelectricity) : 
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4,43 ZO g/112/60/000/006/02 1/032 
translation from: Referativnyy ghurnal, Rlektrotekhnika, 1960, No- 6, p. 3705 
# 5.2842 
AUTHORS: gubashiyevs v. Ke» ginitsa, 3. P, 
enn sii OT 5 
TITLE: potential Distribution Along @ Taread-Snaped Germanium Diode at 
Mean Injection Levels 
PERIODICAL: Nauchno-tekhn. 4nform. pyul. Leningr. politeknn. in-t, 1959, No. 1, 
pp. 31- 
The potential, distribution along; thread-shaped diodes at & current 
ty of 0 05-10 amp, em” has been studied. The diodes were made of n-type Ge 
5 = . The measurements were madi by a pro e 
A strong ognductivi ty 
O.1 amp/cm . The electric 
Near the p-n- junction the 
+ density. the base the 
can reach high values. It 
e base 


neutrality in th 
rrent carriers a 
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pistribution of Losses and Erficiencies 5/181 /60/002/02/03/035 

of Various Processes in Photoelectric Trans~ B006/B067 

formations of Solar Energy 

for two intensities of solar radia ear and W = 83.4 aig/omes 
Table 3 gives the data calculated © ical p-n junctions, 
whose dark current-voltage characteris 

3 = jlexp(av/ak?) _ 1]. For the first three e 1, for 


the fourth, A = 2 and De = 2.1079 a/om’. in conclusion, the author thanks 
Academician A. F. Ioffe for valuable advice, B. Ya. Moyzhes for dis- 
cussions, and N. Pp. Alekseyeva for numerical computations. There are 

4 figure, 3 tables, and 8 references: 3 Soviet and 5 American. 


ASSOCIATION: Institut poluprovodnikoy AN SSSR Leningrad (Institute of 
Semiconductors of the AS USSR, Leningrad) 


SUBMITTED: May 6, 1959 
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Determination of the Recombination Constants 5/184 
From the Spectral Characteristics of a 3006/8 


Photocell With p-n Junction 


ry in the photocell. 


semiconductor laye 
a(%) can be 


coefficient; a the thickness of the 
and r are measured, 


If k and f are known, and J,y cir. 
experimentally determined. % can pe theoretically determined fr 
structural and recombination constants of the photocell, i.e., the 
recombination constants can be determined vice versa from the experiment- 
ally known shape of a(r) > Firat, the analysis of the theoretical 
expression for “is discussed, 1-@>» for the case where the light hits 
the p-n junction plane perpendicularly. The analysis was made by using 
formulas of Bir and Pikus, which for the case of monochromatic irradia- 
tion, give the dependence of o on the depth 1 in which the p-n junction 
is found, on the sur face recombination rate s, on the diffusion length 
of the holes L_, on the diffusion length of the electrons Ly and on Ke 


ity % which differs fro is also introduced 
<i 

= ke ayy) because it allows a more simple 

1 shows & a8 8 function of kL,» Fig- 2 a, = f(kL,)- 


r of the electrons passing allen" 


om the 


The quant m ®% only at small k, 


for the analysis (a* 
representation. Fig. 
s to the collection facto 


* 
a correspond 
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Determination of the Recombinaticn Constants s/181/60/002/02/04/033 
From the Spectral Characteristics of a BO06/B967 
Photocell With p-n Junction 


* 
the p-n junction from the hole into the electron part - anda corresponds 


to the collection factor of the holes passing through the p-n junction 
from the electron into the hole region. The results are then applied to 
special cases: First, the region of strong absorption is investigated: 

k is large, 2 small. The theoretical dependence of a* on 1/k is investi- 
gated (Fig. 3), i-e., for the limiting cases 4) kL > 1, kL > 1, and 


kl >1, and 2) cL, and kL are large compared to 13 however, kl not 


so large, so that the terms containing gost can be neglected. The case 
of weak absorption (k small, A large) is investigated in similar 
manner. A large number of relations between the various quantities are 
given. There are 4 figures and 3 Soviet references. 


ASSOCIATION: Institut poluprovodnikov AN SSSR Leningrad (Institute of 
Semiconductors AS USSR, Leningrad) 


SUBMITTED: May 6, 1959 
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the Energy Diagram of the Real Silicon Photocell S/181 60/002/02/05/033 
B006/BO67 


/ q 
cases of silicon aaaseelis spiab had been obtained by diffusion from su! 
into p-type silicon. Fig. 2 shows the dependence of the electron con- 
centration in silicon and of the position of the level of the chemical 
potential on the impurity (Sb) concentration; Fig. 3 shows the con- 
centration distribution and the energy diagram of a p-type Si-element 
with a- resistivity of 0.85 ohm.om. Fig: 4 shows the same, however, for 
p-type silicon with 9.8 ohm.cm. It was found necessary to take account 
of field and voltage drop in the diffusion layer when analyzing the work 
of such a photocell. The possibility is indicated of producing photocells 
in such a way that they have optimum energy characteristios. There are 
4 figures and 12 references? 4 Soviet, 7 American, and 1 British, 


ASSOCIATION: Institut poluprovodnikov AR SSSR Leningrad Institute of 
Semiconductors of the AS USSR, Leningrad) 


SUBMITTED: May 6, 1959 
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B006/B056 
2. +.Tboo 
AUTHORS: Subashiyevy, vy. K., Poltinnikov, S. A. 
eemparamsrnet revere eT oad ST a ee eS 
TITLE: Determination of the Mobility and Concentration of Carriers 


in the Surface Layer of @ Semiconductor 
PERIODICAL: Fizika tverdogo tela, 1960, Vol. 2, No. 6, pp- 1169-1177 


TEXT; In the present paper, the authors suggest two methods of investi- 
gating the surface concentration and mobility of the carriers in the 
skin layer of 4 semiconductor with p-n junction produced by diffusion. 
Both methods are based upon measuring conductivity and the Hall effect; 
when using the former method, it is, however, necessary to know the 
connection between mobility and concentration of the carriers, and also 
the law of the depth distribution of impurity atoms. In the second 
method, the Hall effect and the conductivity before and after the re- 
moval of a very thin surface layer are determined; from the data of 
measurement the mean mobility in the removed layer ~ and the carrier 
concentration n are determined. Plates of p-type silicon single crystals 
into which antimony was diffused from the gaseous phase, were used for 
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was between 0.8 
temperature, and pressure of 


ith different parameters was 
imental arrangement for 


ig shown in Fig- 75 and 


the measuring technique is briefly described. For the purpose of 


measuring mobility, 


motive force U occurring 
experimental arrangement 


a transverse magnetic field 


samples with a constant current passing through, 
was determined, viz., also by means of the 
shown in Fige 7- 


was applied to the 
and the Hall electro- 


The results obtained by these 


measurements are given jin Table 1 for six different samples under 


aifferent diffusion conditions. 
n(1) = p, and further u/c, Po 


Phis table gives the concentration 
and 143 (1 is the thickness of the n-type 


layer, n- electron concentration; p - hole concentration in the initial 


p-type silicon, and 4 


method briefly described in the following, which 
1 with 206W1 (20bd11) are given in Table 2. Xl 


sample denoted in Table 
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Determination of the Recombination Constants s/161 60/002/007/027/042 
by the Spectral Characteristics of Photocella p006/B060 


With p-n Junction. TI 


measurement of the quantum yield. The results obtained from the investiga- 
tions are illustrated in diagrams: Fig. 1 shows k(A), Figs 3 shows r(A) 
for three different photocells, Fige 4 shows the short-circuit current 

as a function of A, and Fig. 5 shows a(A) (a denotes the separation coef- 
ficient). Figs. 6 and 7 likewise show a(\) for other photocells. The re- 
conbination constants are calculated by strictly complying with Part I of 
the paper, where also the definitiona for the quantities are given. The 

hole diffusion length L, can be determined from the relation | 


As L, = sh yom + ch oo {wheres 1 denotes the depth of the p-n junction, 
Pp P 2 ; 

which amounts to a few microns in most cases), and the electron diffusion length 

Lo in the p-type region can be determined from the longwave part of the 


characteristic, The following is obtained for 4 photocell designated with 
Noo 32 L. = 2-2 u, Lo = 0.2 » (characteristics: Figs. 3, 6, 9), for a 


photocell of the type 2(F2): Ly = 10 p, L, * 8 up (Figs. 35 5s 6). The 
curves a"/k = f(k) and a = £(1/k) are given for geveral photocelia and 
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by the Spectral Characteristics of Photocells B006/B060 
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discussed. (a - experimental separation coefficient). All of the numeri- 
cal resulte are tabulated in a table (p. 1569): 1, Li Ly and 8/D, for 


the types F2. 23 (F3), B4 (F4) as well as 11 laboratory-produced cells. 
The results are finally discussed and some error sources are examined. 

Tha authors thank G. Ye. Pikus and G. L. Bir for their discussions. A. V. 
Ditman is mentioned, A (@MP..2 (ZUR-2 \imonochrouator calibrated in absolute 


ocean 


energy units with a standard thermocouple of the VNIIM, was used for 


measuring the quantum yield of the photocells. There are 10 figures, 


1 table, and 7 references: 5 Soviet and 2 US. a 
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TITLE study of the Barrier Capacity of Silicon P 
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1960, Vol. 2, No. 8) PP- 1962 - 1965 


the temperature and voltage dependence of the 
ctions. Theoretically» the voltage 
is given by the relation 

jers being neglected) - ay 


oncentration of donors and acceptors; 


if there is & linear changes 
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PERIODICAL! Fizika tverdogo tela, 


EXT; The authors studied 
parrier capacity of silicon p-n jun 
dependence of the parrier capacity, Cy 


c K/V VV (the concentration of the mobile carr 


Provided that the aifference in the ¢ 
N4-Nys changes exponentially: n= 2, and, 
on of the mobile carriers 


alue (¥*) for the neight 
and depends only 8 
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Study of the Barrier Capacity of Silicon p-n s/181/60/002/008/040/045 
Junctions Obtained by Diffusion BO006/B063 


study four silicon photocells on an a-c bridge (frequency range 400 - 
10,000 cycles). The barrier capacity was determined by the method of 
linear diagrams (Ref. 8). It was shown that the theoretical relation is me 
satisfied with 2.72n<}3. The results obtained for various samples are 
shown in Fige. 1 - 4. In addition to the confirmation or the formula, the 
authors found that the barrier capacity increased with a rise in 
temperature, and that the temperature dependence of the barrier capacity 
decreased with a rise in the blocking voltage. At low temperatures, the 
barrier capacity drops with rising frequency. The latter fact has not 
been clarified as yet. There are 4 figures and 11 references: 7 Soviet, 

2 German, and 1 US. 


ASSOCIATION: Institut poluprovodnikov AN SSSR Leningrad (Institute of 
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PERIODICAL: Fizika tverdogo telas 1960, Vol. 2, No. 85 PP- 1978 - 1980 
TEXT; The authors theoretically developed & method of determining ‘ 
various constants of a semiconductor with a p-n junction. For this pur- 
pose it is necessary to illuminate @ P-" photocell with 1,? 1 Ly L, 
from the gidae of the n-type layer with light of two wavelengths, 
dy and “o- The absorption coefficients of the n-type jayer are indicated 
The straight jines representing sae af(i/k) cut the axes 
it is possible 


1 
y)3 as -D,/ 2s nh = ak/A. 
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and the Depth of the Position of the p-n B006/B063 
Junction From the Spectral Characteristics of Photocells 
(Jacat 
in the n-type region, q - electron charge, L, - diffusion length of the 


- short-circuit current density, dD, ~ hole diffusion coefficient 


minority carriers in the n-type region, 
lo - thickness of the n-type fegion, 


Lh - diffusion length of the minority 
carriers in the p-type region, 1, - thick- 


ness of the p-type region, 3 - rate of sur- 
face recombination on the n-type surface, 

N - quantum flux density). Thus, for 
example, for i /P >1: 


L, = (n4-hy)/ Chp/ay - h,/a,)s and for 
1 nf by ei slits (h, -h o)/ (hy /a, -h ie ). If the ratio between the short- 


siveuit siecent sarei hice of the ae wavelengths is denoted by a, the 
following relation is valid: 
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k 
s/D_ = (a - 1)k joe a). The above relations for L and 1 may also 
p 4 ky P n 


be given for one wavelength, A, if the Sample has two different values for 
8, Here, a! denotes the ratio between the short-circuit current 


Dat $44 
densities, and w= (1 + a Pee: a roe 
Bp Pp 
8, 3% 
Lyf/tyd 19 Ly = (1 = atw)/(atw ot . 52), 
Pp Pp 
8, 8, 
1,/b,& 13 lis (1 ~ a'w)/(a'w ae p>: 


P 
There are 1 figure and 3 Soviet references. 
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AUTHORS: Subashiyev, V. K., Landsman, A. P., and Kukharskiy, A. A. 
APR ee PERES REM ES AIN FAS 
TITLE: Distribution of Phescherus Atoms During the Diffusion in 
Siliseon 
PERIODICAL: Fisiku tvurdogo tela, 1960, Vol. 2, No. 11, pp. 2703 - 2709 \ 


TEXT; The authors descrite investigations they carried out to determine 
the depth disatributicn of the consentration af phosphorus impurities in 
silicon by removing thin (-“) layers by etshing (with a KOH solution) or 
grinding. Nine specimens were used for the purpose. In six cases, a com- 
Parison of experimental with theoretical results was found to be 
impossible, ani in three cases the experimental results were so inaccurate 
that no unambiguous conclusions cculd be drawn from then. Extrapolation 

of the experimental data to sera thickness showed that ny is always equal 


to 5.10" om? « This value coincides with the solubility limit of 


phosphorus in silicon at 1250-1300°C (where diffusion took place). The 
three most characteristic cases of the depth distribution of concentration 
(as shown in Figs.2-4) are investigated. From a theoretical point of view, 
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an anomalous course of the depth distribution curves is found, i.e., they 
are not linear and at greater depths the concentration decreases more 
rapidly than linearly. The curves fit well into the obtuse angle of two 
intersecting straight lines. The atteapt is made to explain this anomaly 
by the following assumptions: 1) The original specimen was inhomogeneous. 
2) There exists a reactive aiffusion, ise», tne diffusion is accompanied 
by a reaction between P and Si, and a P-Si compound is formed. 3) The 
diffusion coefficient depends on the concentration of the diffusing 
phosphorus. Thig aasuaption is the least probable. The first two 
assumptions are briefly discussed. Summing up} 1) The distribution of the 
phosphorus concentration a5 4 reault of its diffusion in p-type silicon 
sheets was studied. 2) it was found that the concentration values ‘ 
calculated from data on the electrical conductivity and from the curve 

ny =f£(n) agree fairly well with the values resulting from measurements i 
of electrical conductivity and Hall effect. This indicates that the con- 
centration of compensated impurities is small compared to that of uncom- 

pensated impurities. 4) The carrier coneentration distribution according 

to the depth does not follow the second Fick law. Indeed, the p-n junction, 

which is formed in the diffusion of phosphorus in p-type Si is only half 
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AUTHOR: Subashiyav mys Ravich, Yu, I. ed 


TITLE: Photovoltaic effect. of a pen junction with an arbitrary generation function 
and an inhomogeneous front wall Report at the All-Union Conference on Sesticonduc~ | 


__tor Devices, Tashkent, 2-7 October 1961] 


— SOURCE: Elektronno~dy*rochny*ye perekhody* v poluprovednikakh, Tashkent, Ind-vo 
AN UzSSR, 1952, 262-2c19 


_ TOPIC TAGS: photovoltaic effect, p-n junction theory 


ABSTRACT: The existing photovoltaic cell theories hold that:(a) the field in the 

, near~junction region is zeros (b) mobility and lifetime are constant; (c) light 

_ is monochromatic, However » in practice photovoltaic cells (a) are manufactured by | 

: diffusion methods entailing nonhomogeneity of the front wall and (b) are used with: 
a heterochromatic light. The article tries to fill if partially the above gap in: 

' the theory. In the p-n junction, the p-region is assumed to be very extensive so 
that the problem can be considered as single-~dimensional, The p-n junction is 
assumed to be narrow as compared to the free-path length and the diffusion length. 
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: A steady-state case and a moderate heterochronatic illumination are considered, 
Differential equations that describe p-current density and p-concentration distri | 
bution in the n-region are considered and solved for a simplified case, Similer 
solutions are obtained for the p-region. A formla for the total evrrent is 
developed which shows that the current consists of two components, one depending 

_ on the voltage across the p-n junction and another, on the iflumination, A “drift 

' photovoltaic cell" is considered; it has a strong field in the front wall which 

_ caused the carriers drift. from their generation place to the junction. Finally, 

a p-n junction with a uniform field in the adjacent regions is considered. Orig. 
art. has: 1 figure anc 33 formulas, 


ASSOCIATION: none 
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AUTHORS: " Subashiyev, Vv. K. and Druzyak, N. P. 


TITLE: “Milliwattmeter with Hall Sensors 
PERIODICAL: Pribory i tekhnika eksperimenta, 1961, No.2, p.125 


TEXT: A milliwattmeter is described which is designed for 
measuring the power developed by a photocell. The instrument 
consists of an electromagnet 9 (Steel-3, 100 x 70 x 30 mn, 2500 
turns, 11 Ohm) producing a 1000 Oe field with a 10 mA current in 

a 0.5 mm gap; a Hall sensor 41 (n-type germanium of £0 Ohm cm 
resistivity); a galvanometer W with a scale of 0 to 80 mW, 

1.6 x 107! A/mm sensitivity, a 100 Ohm resistance;.a milliammeter A; 
a millivoltmeter V andail1.5 V battery §. An n-type germanium 
Hall sensor is glued into the gap. Its resistivity (Q = 20 Ohm cin) 
is large enough to ensure thehigh resistance of the sensor (2 kOhm) 
that is necessary for reducing the shunting effect of the parallel. 
connected photo-cel l, The voltage transformation coefficient 

of the sensor is 2% at H = 1 kOe. The battery, which is connected 
into the circuit by the switch K, enables loading the photocell with 
a load varying between R,+R,+Ry (switch K open) and zero (with K closed 
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and the battery connectedwith the correct polarity). R, and Ry are 
potentiometers and a resistance R is provided for balancing out 
the nonequivalence of the Hall electrodes. Since the magnetic 
field of the electromagnet is propoztional to the current of the 
photocell and the voltage of the photocell is applied to the 
current leads of the Hall pick-up, the galvanometer readings will 
be proportional to the product of the current and voltage supplied 
by the photocell. Before beginning the measurements, the non- 
equivalence of the Hall electrodes has to be compensated by means 
of the resistance R,, i.e. the galvanometer has to be set to zero. 
= The compensation is effected with the photocell illuminated and the 
magnetic circuit open. Following that, the current circuit is 
closed, the battery switched on and the circuit is ready for 
making the measurements, By operating the resistance R and 
R,, the maximum power generated by the photocells can be determined, 
thereby, the milliammeter and the millivoltmeter determine the 
current and voltage values at the optimum point of the character- 


istic. The battery is switched into the circuit in such a way 
that it should produce a current in the winding Ry in the same 
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direction as the photocell; the potentiometers and R are 


then adjusted to obtain'a zero voltage on the Bis enn tn this 
case the current recorded by the milliammeter will be equal to the 
short-circuit current of the photocell, For determining the 
no-load voltage, it is sufficient to break the R circuit and 
to break the connection between the ‘terminal of the voltmeter V 
and the sensor A. The calibration curve of the instrument for 
the entire range of O to 80 mW is a straight,line. There is . 

1 figure. , 
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AUTHORS: Petrusevieh, Vv. Aes Subashiyev, ve K., and Morozov, G. P. 
TITLE: stiay of eee by pnotoelectric methods 
PERIODICAL: Fizika tverdogo telay” Vi 3.10. Bree) 1505-1514 


TEXT: .The authers have supseven in earlier papers that the diffusion 

length L, the surface-recombination constant, the absorption coefficiens 

k, and other quantities be determined from the spectral distribution curve 

of photoconductivity SPH). From the formula derived here for the ratio of 
photoconductivity dA ~ (4) to photoconductivity Ac (- ) at the shortwave limit 

it follows that this ratio is a linear function of oe which cuts off the . 
section b = -1/L on the abscissa, and the section y'= (D/s) (1/L) on the 
ordinate. D is here the coefficient of ambipolar jiteicion: 8 can be deter 

mined therefrom. Also the absorption coefficient can be determined analyt- 

ideally or graphically. The measuring arrangement has already been descrited 

“din Ref.4 (Vv. A. Patrusevioh, Sb. FIT, I, 56, 1959). SPH end, for. compari- 

son, the photomagnetic effoct (PHIME) were measured for each specimen and 

each i of surface treatment. The effect of the refledtion factor R 
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which normally depends upon the wavelength, is eliminated by the choice of 
certain etching methods. The values for s obtained by the PHME method are 
found to be particularly low in cases where the specimens are pickled 
after grinding or polished with a pad after etching. The diffusion length 
L display a very good reproducibility even with different surface treat- 
monte. Aside from few oase:, the continuous k(A):ourve obtained by the 
usual method is in excellent agreement with the values culouloted point 

by point with the use of the formula 


kai 1 = € ‘1 : 
s ze) = ae Dy (8) 


The cause of the deviationd is probably to be found in the existence of a 
potential barrier on the surface, and explains why this method is doubt- 
ful. A comparison between the methods of measuring the recombination con- 
stunt s shows that the »HME method has certain disadvantages in that it 
calls for particularly thin specimens, and, in addition D endL must be 
excetly knowh. Although the formul'a for S, upon wnich the PHM method is 
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based, may be simplified, it is only applicable with small s and a specimen 
thickness of only few py. The coefficient of ambipolar diffusion may be also 
‘obtained by the combination of two formulas indicated here and by the meas- 
urement of both FHME and’ SPH. The agreement between experimental and theo- 
retical curves also corroborates the assumption that. | must be equal to. os 


-jibstractor's note: not explained.}] A comparative experiment was performed 
to check the new method. The agreement of experimental data depends on 
whether the surface properties play a part or not; their effect upon the 
measured quantities is explained in detail. Finally, the values found here 
by different methods and exhibbiting good agreement prove that the concept 
of the diminution of photosensitivity in the case of short wavelengths may 
be expleined by the effect of surface recombination of the carriers, There 
.are 6 figures, 2 tables, and 10 references: 3 Soviet-bluc and 7 non-Soviet- 
bloc. The two most recent references to English-language publications read 
as follows: R. N.Qitter, A. J. Strass, A. E. Attard, Phys. Rev. 115, 266, 
1959; R. Braunstein, A. Re iloore, F. Herman, Phys. Reve, 109, 695, 1958; 
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Fig.6. Ambipolar diffusion coefficient 
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TITLNs Valve-type photoeffect at a p-n junction for an arbitrary 
genera tion func tion 


PERIODICAL! Fizika tveriogo tela, Ve 3s 10+ 12, 1961, 3571 - 3580 


PEAT; The volt-ampere characteristics of a valve photocell is calculated 
arbitrary generation function. A homogeneous field is assuned to 
ity of the p-n junction. Such a field can be caused by 
a curren h these regions, and an even gradient of the in- 
purity concentration. tion considered 18 shown in Fig. 1. 
The x-axis is perpendic e junction plane. The hole distribution 
in the n-region and the electron distribution in the p-region are calcu- 
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Hy - number of quanta penetrating 


into the specimen, k - absorption coefficient; for electrons, the genera- 


tion function g(:) is analogous. ). 


discussions. There are 7 figures and 7 references: 
‘Soviet 
follows: R. Cummerow. Phys. Reve, 95, 16, 


ivity conference Atlantic City, London, Cha 
M. Prince. J. Appl. Phys., 26, 534, 19553 D. 
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. AUTHORS : _Subashiyey, Vek and Ravich, Yu.l. 

: Ith: Contribution to the theory of valve photoeffect on p-n junctions 

7 FERSODICAL physica status solidi, V- 2, NOe 8, 1962, 1043-1061 

paren, ey The current-voltace consignee are ca}culated for an illuminated pen junc- 
.j tion, allowing for an arbitrary spectra : e incident light and: non-uni~ 


-’ form propertics of the n- anda p-recions. junction is 
‘found to coasist of a couponent wnich is independent of the i varies 


exponentially with the applied voltrge, and of a component which is 
* applied voltage and varies in proportion to the illumination intensity 
' short-circui’s currents, respectively) + The two components are expressi 

_a special position function which, being {ndepeandent_of a 
_ealeulated for the following cases: 1. 7 

recombination and the arift of minority carriers are cons he p- and the 
n-regionse 2,The parsneter yalues change a3 & step-sunction. 3. A strong electric field 
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TITLE: mffect of a layer with enhanced recombination on the light 


and dark characteristics of a pen junction y 
PERIODICAL: Fizika tveraogo tela, v- 4, 0s 9, 1962, 2359 - 2364 


TEXE: It has been shown before (FIT, 3, 125 35715. 1961) that the light and \ 
dark currents can be calculated in terms of the hole and electron accumula~ 
tion functions ~, and a» respectively» when the function g(x) of pair 


production by light and the inhomogeneities of: the region in question are 
-nown, % i6 deduced from the expression for the overall current in the 


n-type region of a pen junction wherein the hole diffusion length L has thi. 
either one or two discontinuities. The results show that an intermediate ‘ 
layer with an enhanced recombinaticn considerably: reduces the coefficient : ; 
of accumulation. The layer can be regarded as an effective surface with 

the surface recombination rate D/L. There are 2 figures and 1 table. 
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" PITLEs Effect of intense doping on the- ultraviolet reflection 
spectrum of silicon ; ; ; 


PERIODICAL: Fizika tverdogo tela, ¥- 3+ 0- 4, 1963, 1104 - 1106 


” i 
TEXT: The UV reflection peaks at 4.3 and 3.4 ev of Si (3. Phys., Chem. 
Sol., 12, 208, 1960; 20, 190, 1961; Phys. Revey 113, 4, 1002, 1959; 120, 15! 
37, 1960) were {nvestigated and the effects of doping with acceptor or 
donor impurities on these transitions Was studied. The measurements were 
made by the usuel method of comparing the intensity of incident and reflected 
ight, fora reflection angle of about 59. The monochromatic light source 
was an Cd-4 (SF+4) spectrophotometer lemp (H, oF Ke); an G3y-164 (PEU-18L) | 


photomultiplier served as receiver. It was found that doping witn B, Ps or. 


eer ae ay 

Ag in the concentration range 1017 - 10°° em did not affect the position | 

of the reflection peaks. The Coulomb field of the impurity ions exerts i 
only a very weax effeot on the mutual position of valency and conduction 
Hara, The results obtained indicate that the 3.4 ev peak will be due to 
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L! — 1, trangitiore and not Pye cs as.asaumed by Ehrenreich et el. (Pays! oe 
Rev. Lett., 8, 59, 1962). There are 3 figures. 
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\ RUTHORS: Subashiyev, Vo Ke; Dubrovskiy, G. B. 


TITLE: Quantum yield of the internal photoelectric effect in highly doped sani- 
conductors 
\ 


SOURCE: Fizika tverdogo tela, v. 6, no. 2, i96u, 512-51 


PPIC TAGS: quantum yield, photoelectric effect, photoactive absorption, 
pnphotoactive absorption, current carrier absorption 


ABSTRACT: In some frequency range immediately next the edge of the principal 
a absorption band, a continuous change in quantum yield is observed, from 0 to 1. 
This range narrows as temperature declines, If electrons are excited from the 

: valence band to the conduction band by a single mechanism of light absorption, 
then at absolute sero the energy dependence of the quantum yield should exhibit 

a clear "step" at hv = Eye It is shown that when nonphotoactive absorption is 


present, the quantum yield is expressed by the coefficients of absorption in the 
following forms B ” rere » where a, and a, are the coefficients of photo= 
n 
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active and nonphotoactive absorption, respectively. It has been found that 
through a wide spectral range the coefficient of nonphotoactive absorption may be 
equal to or even considerably larger than that of photoactive absorption, and this, 
of course, leads to a decrease in quantum yield, In highly doped materials, the 
principal mechanism of nonphotoactive absorption is absorption by free current 
carriers, "The authors express their sincere thanks to Ne S. Zhdanovich for his 
great aid in treating the experimental data and in making computations." Orig. 
art. has: 1; figures and 6 formulas. 
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lnyTLE: Determining the optical ei 
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avriats in strongly doped semiconducting materials by the reflection co 


oe Fizika tverdogo’ tela, v. 6, no. h, 1964, 1078-1081 
TOPIC TAGS: optical constant, current carrier, doped semiconductor, reflection 
lcoofficient ; 


‘ABSTRACT: The authors describe a method of determining the indices of refraction, 
‘absorption, and concentration of free current carriers in semiconducting materials 
“iby the spectral tehavior of the reflection coefficient of nonpolarized light at 
lnormal incidence. Beginning with the ordinary relations of reflection, refraction, 
-land absorption for normal incidence, the authors express the effective part of the 
idielectric constant by refractive index and absorption coefficient. It follows the 
the difference in dielectric constant (for pure and doped semiconductor) depends 
jLinearly on the square of the wavelength. A graph may be drawn of this ‘dependence 
ifor standard. samples with various carrier concentrations. The slope of this curve 
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is determined and extrapolated through a wide range of frequencies, thus 
extrapolating the values of dielectric constant. This permits determination of 
“trefractive index and absorption coefficient. Experimental tests were made on Si, 
‘and the indices of refraction and absorption were found to exhibit spectral depend: 
ence in the infrared region on the edge of intrinsic absorption. The authors 

_ conclude that the method proposed is especially effective for small, highly doped 
.lsamples and also for rods with epitaxial films and p-n structures. A drop in 

| wefractive index is observed with decrease in wave length, and this is due to 
rexcitation of plasma vibrations in the electron gas. The natural frequencies of 

; these vibrations are proportional to the square root of the carrier concentration. 
'Tius, by determining the frequency fron the behavior of the reflection coefficient 
i (according to wavelength), the carrier concentration can be determined. Orig. art 


‘has: lh figures and 9 formulas. 
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_ AUTHORS: Subashiyev, Ve Ke; Dubrovskiy, G. Be 


TITLE: Indirect transitions and structure of the valence band of silicon 


SOURCE: Fizika tverdego tela, ve 6, noe 5, 196, 1303~1310 


' TOPIC TAGS: valence band, silicon, SF k spectrophotometer, fundamental absorption, > 
parabolic band 


- ABSTRACT: The authors have measured the absorption near the edge of the fundamental 
absorption band in homogeneous single ery#hals of silicon obtained from melts with i 
concentrations of B and P ranging from 107% to 2,.2*1019 cm=3, The spectral depend-=! 
ence of the absorption coefficient was measured for both n-type and p-type Si, It | 

was found that the frequency dependence of frea carriers in p-type Si follows the, 


law om~y -2 as is true of most semiconductors. All investigated samples of n-type . 
Si, in the range from 0.8 ev to the edge of fundamental absorption, exhibited a 
dependence of % ~y"", where m = 3.45 + 0.02. On the basis of a parabolic band, a‘ . 
deviation was found between the frequency dependence of fundamental absorption and . 
tho calculated absorption. If a variable effective mass is accepted for the 
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ACCESSION NR: AP4041692 8/0181/64/006/007/1956/1961 
AUTHOR: Subashiyev, V. K. . 


TITLE: Determination of the quantum yield of the internal photoef- 
fect from the spectral dependence of the photoconductivity and from 


the photomagnetic effect 
SOURCE: Fizika tverdogo tela, v- 6, no. 7, 1964, 1956-1961 


TOPIC TAGS: photoeffect, photoconductivity, photomagnetic effect, 
quantum yield, internal photoeffect, spectral analysis 


ABSTRACT: It is indicated that the quantum yield B of the internal 
photoeffect has been evaluated for only a few substances and for a 
narrow range of quantum energy, owing to the lack of well developed 
procedures for the determination of the quantum yield. The method 


proposed in the present work is claimed to be more general, since it. 
permits B to be determined in the region of wezk absorption (B < 1), 
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